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[57] ABSTRACT 

A gradiometer for measuring magnetic ?eld gradients has 
tWo SQUID loops lying in a SQUID loop plane With a ?ux 
concentrator lying in a ?ux concentrator plane parallel to the 
SQUID loop plane. The ?ux concentrator body is mirror 
symmetrical With respect to a plane of symmetry perpen 
dicular to the SQUID plane and the ?ux concentrator plane 
along a basis line connecting the centers of the SQUID 
loops. 

9 Claims, 10 Drawing Sheets 
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GRADIOMETER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a national stage of PCT/DE 95/01816 
?led Dec. 14, 1995 and based upon German national appli 
cation P44 45 700.6 on Dec. 21, 1994 under the International 
Convention. 

FIELD OF THE INVENTION 

The invention relates to a gradiometer With tWo SQUIDs 
each containing a SQUID loop. 

For the quantitative investigation of magnetic ?elds or 
magnetic ?eld gradients, especially in the ?eld of nonde 
structive testing of Workpieces or in the ?eld of biomagnetic 
investigations With the aid of SQUID, a gradiometer Which 
can suppress detrimental ?elds is highly desirable. The 
detrimental effects include ?uctuations of the ?eld of the 
earth as Well as ?elds Which are synthetic and electromag 
netically load the environment, for example like the 50 HZ 
alternating current ?eld emanating from electrical apparatus. 
On the basis of loW TC materials, gradiometers are already 
knoWn Which can be produced at relatively loW cost. For 
these purposes ductile Wires are used With the aid of Which 
closed coil pairs With partly opposing Winding directions 
enables elimination of ?elds With loW gradients. In the ?eld 
of high TC materials, up to noW no suitable Wires have been 
provided. 
From Supercond. Sci. Technol. 7 (1994), 265—268, 

so-called axial gradiometers are knoWn in Which tWo 
SQUIDs are arranged in planes spaced from one another up 
to several centimeters. Here the signals of the individual 
SQUIDs can be processed in separate electronic systems and 
subtracted from one another. 

These gradiometers have the draWback of a high fabrica 
tion cost and, associated With it, the need for expensive 
mechanical alignments. In addition, in the case of such a 
gradiometer With tWo SQUIDS, gradient signals are sup 
pressed only With the aid of a further, third SQUID, forming 
in this manner a second order gradiometer. 

A gradiometer is knoWn further from Appl. Phys. Lett. 56 
(1990 1579 in Which the Josephson junction lies symmetri 
cally betWeen tWo relatively Widely-spaced SQUID loops 
and is connected With them through thin slits. Such a 
gradiometer has the draWback that one is limited to a 
relatively short base length (spacing of the middles of the 
respective SQUID loops from one another), since otherWise 
the SQUID inductivity is too large and as a result the SQUID 
signal is too small. 

OBJECT OF THE INVENTION 

It is thus the object of the invention to provide a gradi 
ometer Which is of a comparatively simple type and Which 
is free from the draWbacks of the knoWn gradiometers and 
Which can achieve increased measurement precision of the 
magnetic ?eld or the magnetic ?eld gradient. 

SUMMARY OF THE INVENTION 

The gradiometer of the invention contains SQUIDS so 
arranged With respect to one another that the SQUID loops 
are spaced apart by a basis length L1 and lie in a plane. A?at 
?ux concentrator is parallel to this plane and encompasses 
both SQUID loops, the ?ux concentrator being mirror sym 
metrical on either side of a basis line B1 connecting the 
centers of the tWo SQUID loops With each other. 
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2 
A gradiometer according to the invention is provided With 

the SQUIDs so juxtaposed With one another that the SQUID 
loops are spaced by a basis length L1 from one another in a 
plane and a ?at ?ux concentrator encompasses both SQUID 
loops parallel to this plane. Here the ?ux concentrator is 
formed laterally and mirror symmetrically With respect to 
the basis line connecting the centers of the tWo SQUID 
loops. 

It has been found that upon the application of a homo 
geneous magnetic ?eld perpendicular to the gradiometer 
plane, shielding currents are induced at the outer edge of the 
?ux concentrator and Which generate concentrated magnetic 
?elds of equal siZe at each of the locations of the SQUIDs. 
By subtraction of the respective signals of the individual 
SQUIDS, different signals are obtained Which in such a 
gradiometer are free from spatially homogeneous spurious 
signals. Inhomogeneous ?elds hoWever are concentrated to 
different degrees in the individual SQUIDs and form in this 
case a difference signal differing from Zero. 

The gradiometer of the invention has the special advan 
tage that a given desired basis length of the gradiometer can 
be selected by suitable constructive features Without leading 
to an increase in the inductivity and thus a reduction 
associated thereWith of the signal of the gradiometer. 

In an especially advantageous embodiment of the 
gradiometer, it is provided that the ?ux concentrator have an 
electrically insulating layer connecting both parts in the 
mirror symmetry plane perpendicular to its surface. Thus the 
shielding currents at edges of the respective ?ux concentra 
tor parts pass the SQUID loops and generate at the regions 
of the SQUIDs concentrated magnetic ?elds of equal mag 
nitudes. 

In an especially advantageous Way, at least a further 
SQUID is provided Which lies in the plane of both ?rst 
SQUIDs, Whereby the ?ux concentrator is so formed thereon 
that it also encompasses or surrounds even this SQUID. In 
this Way one can obtain a gradiometer With multiple different 
spatial orientations and base lengths, each of Which repre 
sents a respective gradiometer. 

Especially advantageous is a gradiometer Which has at 
least one pair of SQUIDs Which are provided in the plane of 
the tWo ?rst SQUIDs, Whereby this pair of SQUIDs has a 
base line Which is not parallel to the base line of the ?rst tWo 
SQUIDs but is preferably perpendicular thereto. In this case, 
one obtains a planar gradiometer that is suitable for deter 
mining magnetic ?elds or magnetic ?eld gradients in tWo 
independent spatial orientations. 

It is advantageous for alignment of the SQUIDs of the 
gradiometer to provide an alignment plate Which is com 
prised of superconductive material and is arranged parallel 
to the plane of the ?ux concentrator and shiftable relatively 
thereto. In an advantageous manner, the ?ux concentrator is 
arranged in the region of the base line so as to be shiftable. 
It is possible to provide as the alignment plate an additional 
magnetometer SQUID. In this case an active alignment is 
achievable. 
An especially advantageous embodiment of the gradiom 

eter is obtained When the material for forming the ?ux 
concentrator and/or as the material for the alignment plate is 
a high temperature superconductor (HTSC) Advantageous 
characteristics associated With such a material are fully 
translatable to such a gradiometer, especially as to use in 
association With liquid nitrogen. When the gradiometer has 
at least one Washer SQUID as is knoWn for example from 
Appl. Phys. Lett. 60 (1992) 645 or, indeed, is composed 
exclusively of Washer SQUIDs, preferably as HTSC Washer 
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SQUIDs, it is especially advantageous to fabricate the 
gradiometer utilizing thin ?lm techniques. Thus the ?uX 
concentrator can be an HTSC thin ?lm applied to a substrate. 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other objects, features, and advantages Will 
become more readily apparent from the folloWing 
description, reference being made to the accompanying 
draWing in Which: 

FIG. 1 is a plan vieW of a gradiometer according to the 
invention; 

FIG. 2 is a section taken along the line A—A‘ of FIG. 1; 
FIG. 3 is a vieW similar to FIG. 1 of another embodiment 

of a gradiometer; 

FIG. 4 is a section through this other embodiment analo 
gous to FIG. 2; 

FIG. 5 is a plan vieW of another tWo SQUID embodi 
ments; 

FIG. 6 is a plan vieW of a four SQUID embodiment; 
FIG. 7 is a plan vieW of an embodiment in Which the high 

temperature superconductor is in the form of a ring; and 
FIGS. 8—14 are plan vieWs of still other embodiments of 

the gradiometer. 

SPECIFIC DESCRIPTION 

In FIG. 1 a gradiometer With a massive circular-disk 
shaped concentrator is shoWn in plan vieW FIG. 2 is a 
cross-section along the line AA‘. 

This concentrator of HTSC material is produced process 
Wise as folloWs: 

from a massive piece of HTSC, here YBa2Cu3O7, a 
circular disk shape is cut; this is subdivided into tWo 
equal siZe semicircular parts, both of Which are pro 
vided With semicircular disk-shaped openings on the 
separation line A‘ at a distance of the basis length L1 
from one another. Finally, both parts are joined together 
With the aid of electrically insulating cement to form 
the concentrator 7 as a circular shape With tWo circular 
disk-shaped openings 11 and 12 at a spacing L1. 

In detail, FIG. 1 shoWs the tWo semicircular disk-shaped 
parts FT1 and FT2 With circular disk-shaped openings 11 and 
12 at a spacing L1. The openings 11 and 12 are, in this 
special case, so formed that they can receive tWo square 
shaped Washer SQUIDs S1 and S2 in corresponding recesses 
on the upper side of the concentrator F. For alignment, a 
shiftable alignment plate AP of HTSC is provided in the 
region betWeen the positions of both SQUIDs S1 and S2. The 
plate AP in this special case is rectangular although other 
shapes can be chosen as Well. 

The superconducting shielding current in the concentrator 
F Which forms at the use temperature are represented in FIG. 
1 in the form of loops provided With arroWs. The currents 
form at the edges of the respective semicircular disk-shaped 
parts FT1 and FT2 and one obtains in this manner opposite 
current directions at the openings 11 and 12 and in the tWo 
parts FT1 and FT2 and a ring current at the openings 11, 12 
Which in this case of the positioning of the SQUIDs S1 and 
S2 in the respective recesses in concentrator F effects a ?uX 
focussing of the magnetic ?eld in the SQUID loops of the 
respective SQUIDs. 

The massive concentrator F has a diameter of 50 mm With 
a circular disk thickness of 3 mm. The openings 11 or 12 are 
each of a diameter of 6 mm. The basis length L1 is in this 
case selected to be 30 mm. The rectangular substrates S1 and 
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4 
S2 containing the respective Washer SQUIDs are 10x10 
mm2 and the recesses for them are only slightly larger. 
By selection of another geometry of the parts, the gradi 

ometer can have greater or lesser basis lengths With corre 
sponding gradiometer characteristics. 

In FIGS. 3 and 4 a gradiometer is schematically shoWn 
Which has a ?uX concentrator F fabricated in thin layer 
technology. On a circular substrate 13 using knoWn masking 
techniques, a circular Yba2Cu3O7 layer is formed Which is 
provided With tWo openings 11 or 12 and respectively With 
an HTSC free rib 14 or 15 extending to the edge of the 
circular layer F. In this manner, during use, shielding cur 
rents form at the edges of this thin ?lm ?uX concentrator F 
Which are comparable With the currents in the gradiometer 
according to FIGS. 1 and 2 and With comparable ring 
currents at the respective openings 11 and 12 (diameter 
equal 6 The circular layer F has a diameter of 48 mm 
and the Width of the ribs 14 and 15 amounts to 6 pm While 
its length is about 10 mm. FIG. 5 shoWs the lateral con?gu 
ration of the thin layer concentrator of the gradiometer 
shoWn in FIG. 2. A variant of this gradiometer With a thin 
?lm concentrator F can have, instead of tWo SQUID recesses 
(11, 12), four SQUID recesses 11, 12, 16 and 17 Which has 
been schematically illustrated in FIG. 6 for a corresponding 
?uX concentrator fabricated in accordance With thin ?lm 
technology in plan vieW. Thus one obtains a gradiometer 
Which enables, With the aid of four SQUIDs in tWo laterally 
independent orientations, determination of a picked-up mag 
netic ?eld or magnetic ?eld gradient. 
The concentrator should be so formed With the ring 

currents are forced to How at the edges of the respective 
openings (11, 12, 16 17) for the respective SQUIDS. A 
further variant of the concentrator has a lateral layer struc 
turing as shoWn by hatching in FIG. 7. 
By contrast to the layer structure of the concentrator of 

FIG. 6, HTSC material at the central region F‘ of the circular 
layer F is largely eliminated. The HTSC Webs 18 and 19 
Which surround respective inWardly lying openings 11 and 
12 in FIG. 5 have a Width of only about 3 mm. A circular 
edge con?guration of the concentrator F can be formed 
either by thin ?lm technology or as a massive structure. It 
can also have other shapes deviating from that shoWn. Thus 
in FIGS. 8 and 9, further lateral con?gurations of a suitable 
concentrator in thin ?lm technology for the gradiometer 
have been illustrated. 

In FIGS. 10—14, not only the concentrator F but also the 
respective SQUID functions SS1, . . . have been integrated 
in thin ?lm technology. It should be noted in this connection 
that the openings indicated here serve for the function of ?uX 
focussing 11, 12, 16, 17 and also simultaneously the SQUID 
function SS1 . . . . The respective small connecting strips 

betWeen the respective rectangular openings and the ribs 14, 
15, 20, 21 connecting them With the edge of the concentrator 
provide Josephson junctions as has been schematically illus 
trated. Geometrically by comparison to the previous FIGS. 
1—9 Where openings 11, 12, 16, 17 or SS1 . . . are also about 
10x10 mm2 in siZe, the openings 11, 12, 16, 17 or SS1, . . 
. in FIGS. 10—14 for forming the SQUID function SS1, . . . 

are only 200x200 pm2 in siZe have also been fabricated. 
In FIG. 11 a gradiometer is shoWn in plan vieW as 

fabricated by thin ?lm technology With a circular concen 
trator and 4 SQUID functions SS1, SS2, SS3 and SS4 
integrated therein. 

FIG. 12 shoWs a variant of the gradiometer With tWo 
SQUID functions SS1 and SS2 integrated in a thin layer 
concentrator F. TWo further variants deviating from the 
circular con?guration for forming gradiometers With inte 
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grated SQUID functions SS1 and SS2 in the concentrator 
have been shoWn ?nally in FIGS. 13 and 14. The embodi 
ments here illustrated of the gradiometer represent only 
possible con?gurations of the invention by Way of example. 
Geometrically many further combinations of the individual 
elements of the here-described gradiometer variants can be 
conceived of depending upon desired or predetermined 
boundary conditions. 
We claim: 
1. A gradiometer for measuring magnetic ?eld gradients, 

comprising: 
tWo SQUID loops lying in a SQUID-loop plane and 

spaced apart by a basis length in said plane; and 
a ?at ?uX concentrator body lying in a ?ux-concentrator 

plane parallel to said SQUID-loop plane, closely jux 
taposed With said SQUID loops and having a perimeter 
lying outWardly of said SQUID loops, said ?uX con 
centrator body being mirror symmetrical With respect 
to a plane of symmetry perpendicular to said SQUID 
loop plane and said ?ux-concentrator plane and lying 
along a basis line connecting centers of said SQUID 
loops. 

2. The gradiometer de?ned in claim 1 Wherein said 
?ux-concentrator body is subdivided into tWo halves along 
said line and the tWo halves are insulated electrically from 
one another along said line. 
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3. The gradiometer de?ned in claim 1, further comprising 

at least one further SQUID lying in said SQUID plane and 
Within said perimeter. 

4. The gradiometer de?ned in claim 1, further comprising 
a pair of further spaced-apart SQUIDs lying along another 
basis line perpendicular to the ?rst-mentioned basis line in 
said SQUID plane and Within said perimeter. 

5. The gradiometer de?ned in claim 1, further comprising 
an alignment plate parallel to said SQUID plane and to said 
?ux-concentrator plane and shiftable on said ?uX 
concentrator body. 

6. The gradiometer de?ned in claim 5 Wherein said 
alignment plate is composed of a high temperature super 
conductor. 

7. The gradiometer de?ned in claim 6 Wherein said body 
has at least a layer of a high temperature superconductor 
thereon. 

8. The gradiometer de?ned in claim 1 Wherein said body 
has at least a layer of a high temperature superconductor 
thereon. 

9. The gradiometer de?ned in claim 1 Wherein said 
SQUIDs are Washer SQUIDs. 

* * * * * 


